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Method and plant for controlling the process conditions in a reactor 

Technical field 

5 The invention relates to a method of controlling the process conditions, in par- 
ticular the temperature, in a reactor of a plant into which, in particular, granular 
material is introduced, which is transported through a conveying line to the reac- 
tor. The present invention also relates to a plant for carrying out this method. 

10 To control the temperature in reactors of plants for the heat treatment of material 
introduced, a temperature control with a temperature sensor provided in the 
reactor is used in a conventional manner, the temperature sensor measuring the 
current reactor temperature and transmitting it to the temperature control. If the 
measured temperature deviates from the predetermined desired temperature 

15 value, the temperature control influences the temperature in the reactor. This is 
done either by controlling the mass flow of the material fed to the plant (raw ma- 
terial charge) or by controlling the mass flow of the fuel. 

In the case of such a temperature control, with manipulating intervention in the 
20 raw material charge, disturbing effects such as fluctuating material delivery in- 
side the plant right up to the reactor and material moisture and also uneven 
temperature behaviour lead to marked weaknesses with regard to dynamics and 
controlled variable. Fig. 1 shows the effects which a brief disturbance in the ma- 
terial feed to the reactor has on the reactor temperature. A briefly increased ma- 
25 terial feed leads immediately to a marked reduction in the reactor temperature. 
The temperature control subsequently compensates for this reduction in the 
reactor temperature again in the course of time by means of a slightly reduced 
raw material charge. On the whole, however, it takes a comparatively long time 
for this brief disturbance in the material feed to the reactor to be corrected a- 
30 gain. 
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Furthermore, a temperature control with manipulating Intervention in the fuel 
feed is known. This form of contra! id superior in control quality to the control of 
the mass flow of the raw material charge, as can be seen from Fig. 2. The same 
5 disturbance In the material feed to the reactor Is compensated for by a change 
in the fuel mass flow (fuel feed) and leads to the reactor temperature already 
assuming the desired set point again substantially quicker. 

The US 5,226,374 discloses a method of controlling combustion in a fluidized- 
10 bed incinerator comprising measuring a supply rate of incineration waste. When 
the supply rate of incineration waste is higher than a predetermined value, the 
supply rate of thB incineration waste of the dust feeder Is decreased to suppress 
a combusting operation. Further T La. an induced gas rate of an exhaust gas in- 
duced blower of the Incinerator Is Increased to suppress an Increase in an Incfn- 
15 orator internal pressure. The supply rate of Incineration waste Is measured by a 
measuring unit using a photoelectric element arranged on a shoot for supplying 
Incineration waste. 

The JP 5514000B (Patent Abstracts of Japan) describes a high accuracy control 
20 of temperature by measuring the temperature m the fluidized-bed and controlling 
the amount of floating medium forming the fluidteed-bed in order to adjust the 
temperature. 

In the BP o 093 063 A1 a temperature control of a fluidized-bed reactor is de- 
25 scribed measuring the temperature In the fluidized-bed of the reactor and vary- 
ing the temperature of thB material transported into the reactor by mixing up ma- 
terial out of two conduits with higher and lower temperature. A similar method is 
employed fn the WO 96/18076 A1 describing a gas coolar having a circulating 
fluidized-bed. Hot gas is introduced into a mixing chamber where it Is mixed with 
solids having a temperature lower than that of the gas, whereby the temperature 
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of the mixing chamber settles to a mixing temperature. The mixture of the gas 
and solids is taken from the mixing chamber via a riser to a solids separator, 
thereby regulating the temperature of a superheated steam generated in con- 
nection with the gas cooling. 

5 

All of these controls therefore have the disadvantage that a control deviation 
(temperature deviation) first has to be discovered in the reactor before the en- 
ergy input can be correspondingly adapted and the control deviation corrected 
as a result. A further disadvantage is the strong dead-time behaviour of suoh 
10 reactor systems (big masses of brick lining and high product Inventory). In some 
processes, however, even Just brief temperature fluctuations lead to losses In 
the product quality. 



1S 



Description of the Invention 

Object of the present Invention, therefore, Is to control the process conditions. In 
particular the temperature, in a reactor as constantly as possible to a set point 
predetermined in relation to the process. ' 

20 In a method of the type mentioned at the beginning for controlling e.g. the tem- 
perature, this object Is essentially achieved in that the material quantity trans- 
ported in the conveying line Is determined and is U6ed as control variable and/or 
disturbance variable for controlling the process conditions, in particular the tem- 
perature. This has hitherto not been conventional practice In the case of granu- 

25 lar material, because the determination of the material quantity in a conveying 
line in the case of granular material is very complicated. However, by virtue of 
the fact that, according to the invention, the material quantity fed to the reactor 
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is determined In advance, namely in a conveying line to the reactor, and this 
variable is used directly as control variable and/or disturbance variable for the 
control, possible fluctuations in the reactor temperature become apparent in ad- 
vance and can be corrected before a change in the temperature or other proc- 
5 ess conditions occurs due to the changed material quantity entering the reactor. 
The method of controlling the temperature in a reactor, according to the inven- 
tion, is thus also quite generally a method of producing constant process condi- 
tions in a reactor. In particular in order to keep the temperature in and/or the ma- 
terial feed to a reactor (material charge Introduced Into a reactor) of a plant con- 
10 slant. The determination of the material quantity of the material Introduced Into 
the reactor consists in the measurement of the pressure and/or of the pressure 
lose in the conveying line upstream of the reactor. Such a conveying line may In 
particular be an airlift, with which material is conveyed upwards. The measure- 
ment of the pressure or of the differential pressure between start and end of the 
conveying line of the airlift allows the amount of material which is transported to 
be accurately deduced. According to the invention, it has been found that this 
method can be used very accurately even in the case of granular material with- 
out recourse to density measuring with radioactive material for example. 
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25 



To this end. according to a practical refinement of the idea according to the In- 
vention, the material quantity In the conveying line can be controlled to a prede- 
termlnable value, m this case, the material quantity Is a control variable of the 
control The method acceding to the Invention therefore constitutes a control of 
the matoria, charge introduced into a plant having a reactor in which the materia, 
in particular s heated, the material being introduced Into the piant vie a convey- 
or for example and being transported by a conveyino line di«n#n, . • 

mm* and being earned » a pred 8te rm,na W e As TJm I n,! 
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the reactor, fluctuations in the material quantity which may cause a temperature 
difference* and/or a change In the stolchlometry do not occur or are minimized. 

The material quantity in the conveying line, in a simple manner, can be con- 
5 trolled by a conveyor, with which the material Is introduced into the plant, in par- 
ticular by varying the rotational speed of a material-charging screw and/or by a 
weighfeeder (proportional weigher belt) upstream of the material-charging 
screw. This control eliminates the production-reducing effect of temporary de- 
posits of the material-charging screw for the case where no weighfeeder Is pre- 
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sent. If a weighfeeder is present, the production-reducing effect of fluctuating 
material moisture is also appropriately compensated for 

In a further practical refinement of the method according to the invention, the 

5 heat supply to the reactor can depend on the material quantity determined. In 
this case, the material quantity is a disturbance variable of the control. The me- 
thod according to the invention therefore constitutes a temperature control in a 
reactor into which material to be heated is introduced, the material quantity of 
the material introduced being determined continuously before being fed into the 

10 reactor and the heat supply depending on the material quantity determined. This 
control variant can be used separately from the above-described control of the 
material charge introduced into the reactor or of the material feed to the reactor. 
The control in this case is a disturbance feedforward control (the disturbance 
variables are fluctuations in the material mass flow to the reactor) to a subordi- 

15 nate heat-supply controller which, on the basis of this information, detects the 
changed material charge itself, this changed material charge becoming appar- 
ent, and corrects the changed energy requirement in anticipation of the reactor 
temperature change to be expected. With this control, it is possible to keep the 
reactor temperature constant within very narrow limits, which has a very positive 

20 effect on the product quality. Furthermore, the lining of the reactor is protected 
to a considerable degree, since the previous alternating stress decreases sub- 
stantially with an improved temperature constancy and thus a prolonged service 
life can be expected. 

25 According to the invention, the two aforesaid method variants of the control may 
also be combined with one another as a temperature and material-charge 
control. In this case, the material-charge control is in particular connected 
upstream of the temperature control. By this preliminary control, fluctuations of 
the material quantity fed to the reactor can be largely avoided. Since fluctuations 

30 in the material charge always lead to changes in the reactor temperature, this 
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material-charge control connected upstream helps to assist the temperature 
control and further reduce control deviations in the reactor temperature. In this 
sense, the material-charge control is a control for producing constant process 
conditions which is connected upstream of the actual temperature control and to 
5 which in particular the temperature in the reactor also belongs. 

The heat supply to the reactor is preferably effected by burning fuel in the reac- 
tor, the fuel mass flow being controlled for setting the heat supply. The change 
in the fuel mass flow, which change directly influences the heat supply, can be 
10 controlled in an especially simple and efficient manner, so that a correction of 
the heat supply via the fuel mass flow offers an especially quick and direct 
control means. 

According to the invention, in a preferred refinement of the method, in addition 
15 to the material quantity of the material fed to the reactor, the reactor temperatu- 
re is also measured, the heat supply then additionally depending on the reactor 
temperature determined, which is correspondingly taken into account by the 
temperature control. This temperature measurement is then effected optionally 
and in addition to the measurement of the material quantity in the conveying li- 
20 ne. In particular, the fuel mass flow set by the temperature control by means of a 
control element can depend on the quantity of the fed material and on the reac- 
tor temperature, which are then combined in corresponding function blocks to 
form an overall manipulated variable. In this case, various control types, for e- 
xample P, PI, PID or suchlike controls, may be realized in the function blocks 
25 and/or control elements. 

Since the change in the heat supply, in particular during a change in the fuel 
mass flow, causes a rapid change in the reactor temperature, provision is made 
according to the invention for the time from the determination of the material 
30 quantity, for example in the conveying line, until the feeding into the reactor to 
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be taken into account in the control of the heat supply. In particular if the materi- 
al is already (pre>dried when the material quantity la determined, the short dead 
time until the material la actually introduced into the reactor can be taken into 
account especially accurately on account of the constant process conditions. 

5 

A possible material discharge between the determination of the material quantity 
and the feeding of the material Into the reactor Is preferably also determined If 
need be and Is taken into account during the control, in particular of the material 
feed and/or of the heat eupply. Such a material discharge may be, for example, 
10 a reactor bypass In which material Is branched off before the feeding into the 
reactor and Is mixed again with material treated in the reactor after this material 
treated in the reactor has been discharged. Such a bypass mass flow must be 
deducted, for example, when determining the heat or fuel requirement 

15 In order to reduce disturbing effects when determining the material quantity, in 
particular due to residual moisture of the raw material Introduced, and in order to 
eliminate the effect of the material moisture during the delivery of the material 
Into the plant, the material may advantageously be dried and/or preheated befo- 
re the determination of the material quantity in the conveying line. In particular, 

20 constant measuring conditions then prevail, so that the effects of the material 
introduced into the reactor on the temperature prevailing In the reactor can be 
accurately estimated and taken Into account by the control. 
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This control can be used in a multiplicity of reactor types. According to special 
refinement of the method according to the invention, a gas/solid suspension can 
form in the reactor, for example as a circulating fluidized bed. In these reactor 
5 types, for certain processes, for example calcination, it has proved to be especi- 
ally Important and advantageous that the reactor temperature can be accurately 
maintained within marginal fluctuations. The methods described above may be 
used, for example, for the temperature cental of a reactor having a circulating 
fluidized bed during alumina calcination. In particular moist hydrate, for example 
10 can be introduced as raw material into the plant. 

The present Invention afso relates to a plant for the heat treatment of material 
fed to a reactor, in particular for carrying out the method described above The 
plant has a conveying line for the transport of granular material to the reactor 
and at least one control. According to the Invention, the control is connected to a 
measuring device for determining the material quantity of the granular. In parti- 
cular fine-grained, material transported in the conveying line to the reactor As a 
result, the disturbance variables of . fluctuating material delivery and moisture 
can be taken into account by the plant control ,n order to correct the process 

ZTiln ad r nC6 ' PartlCU ' ar ^ react ° f temperatu ' e an « <ne material 
conlnfr ^ reaCt0r ' ^ therel **"P *e said process conditions 

Ztol L °° nVey 9 13 8 flU,d ->— —ylng line, in particular a 
Preferably perpend.cu.arly arranged rising line of an air!*. „ has been found 
that, in contrast to conventional methods of detemrfnlng the quantity of fine- 
grained material which Is transported in a conveying line the 
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quantity in a fluid-pressure conveying line can be accurately determined without 
a large measuring equipment. 

To this end, the measuring device is preferably a differential-pressure measu- 
5 ring device for measuring the differential pressure over the conveying line. 

The control provided according to the invention in the plant may be a temperatu- 
re control, a material-charge control or a combined temperature and material- 
charge control. This provides a plant for the heat treatment of material fed to a 

10 reactor, in particular for carrying out the method described above, having a con- 
veying line for the transport of material to the reactor and a temperature control 
for the reactor and/or a material-charge control, which is characterized by a 
measuring device which is connected to the temperature control and/or the ma- 
terial-charge control and is intended for determining the material quantity of the 

15 material transported in the conveying line. 

Furthermore, a temperature sensor connected to the temperature control is ad- 
vantageously arranged in the reactor. 

20 Furthermore, according to the invention, the temperature control has a control 
element and, if need be, function blocks having a characteristic or a family of 
characteristics for controlling a fuel mass flow, supplied for the combustion, on 
the basis of the determined material quantity and/or the measured reactor tem- 
perature. As a result, the fuel quantity fed to the reactor for heat generation can 

25 be adapted to the actual reactor temperature in an especially quick and simple 
manner, the control for the fuel mass flow on the basis of the reactor tempera- 
ture determined being connected side by side to the control for the fuel mass 
flow on the basis of the material quantity determined. 
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According to the invention, the material-charge control may be connected to a 
conveyor for the controlled introduction of material into the plant, so that the ma- 
terial quantity in the conveying line can be controlled to a predeterminable value. 
To this end, the conveyor preferably has a material-charging screw and/or a 
5 weighfeeder. 

To pretreat the introduced material, one or more drying devices, for example 
venturi dryers, may be provided upstream and/or downstream of the conveying 
line. 



Developments, advantages and possible applications of the invention follow 
from the description below of exemplary embodiments and from the drawing. In 
this case, all the features described and/or shown diagrammatically belong to 
the subject matter of the invention on their own or in any desired combination 
15 irrespective of their compilation in the claims or what they refer back to. 
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Brief description of the drawing 



In the drawing: 



20 



Fig. 1 



shows the control behaviour of a reactor temperature control by 
controlling the raw-material charge during a disturbance in the ma- 
terial feed to the reactor; 



25 



Fig. 2 



shows the control behaviour of a reactor temperature control by 
controlling the fuel feed during a disturbance in the material feed to 
the reactor; 



30 



Fig. 3 



shows a plant according to the invention having a temperature con 
trol and a material-charge control according to a first embodiment; 
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Fig. 4 shows a plant according to the invention having a temperature con- 

trol and a material-charge control according to a second embodi- 
ment, and 

5 

Fig. 5 shows a simplified controlled system of the temperature control 

according to the invention. 

Detailed description of the preferred embodiments 

10 

A plant according to the invention as shown in Fig. 3 has, as reactor 1, a reactor 
with a circulating fluidized bed, in which material introduced is heated by burning 
fuel. 

15 The material fed to the reactor 1 via a material-feed line 2, in particular granular 
or fine-grained solids or hydrates or the like, is caught by a gas flow flowing 
through a gas-feed pipe 3 from below into the reactor 1 and is swirled in the 
reactor 1 to form a circulating fluidized bed. 

20 To produce the heat required in the process taking place in the reactor 1 , fuel is 
directed via a fuel-feed line 4 into the reactor 1 and is burned there. 

To control the reactor temperature, a temperature control 5 is provided which, 
as manipulated variable or control element, has a flow controller 6 with a flow 
25 transducer 7 in order to control the fuel fed to the reactor 1 through the fuel-feed 
line 4 and in order to thereby set the temperature in the reactor 1 . 

A differential-pressure sensor 12 having a differential-pressure transducer which 
measures the differential pressure in a conveying line 14 connected to an airlift 
30 13 is connected to the temperature control 5. With this conveying line 14, mate- 
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rial introduced into the plant is conveyed to the reactor 1 , the differential pressu- 
re over the conveying line 14 being a measure of the material quantity convey- 
ed. This pressure value measured by the differential-pressure sensor 12 is pro- 
cessed with suitable control functions in a function block 1 1 of the temperature 

5 control 5, and a manipulated variable is output for the flow controller 6 for cont- 
rolling the fuel feed. As a result, the fuel feed or the fuel mass flow becomes a 
function of the material quantity conveyed, there being in particular a proportio- 
nal relationship. In this case, the fuel feed is appropriately adapted in an accura- 
tely timed manner with a fluctuation of the material charge introduced into the 

10 reactor 1 and a temperature fluctuation in the reactor 1 essentially does not oc- 
cur. 

In addition, to measure the temperature in the reactor 1 , a temperature sensor 8 
is provided in the reactor 1, with a temperature transducer connected thereto, 

15 which is connected to a temperature controller 9. A control deviation between 
the measured actual temperature and the desired temperature in the reactor 1 , 
which control deviation is not too large in the normal case on account of the 
measurement of the material charge in the conveying line 14 and the fact that it 
is taken into account in the fuel feed, is evaluated by a function block 10 in order 

20 to accordingly adapt the fuel feed, if need be, by the flow controller 6. 

This temperature controller 9 is optional and, according to the invention, need 
not necessarily be provided, since a changed material charge is already detec- 
ted in the conveying line 14 itself by the differential-pressure measurement, so 
25 that the fuel feed can be appropriately adapted in anticipation of the temperature 
change to be expected in the reactor 1 . As a result, a temperature change be- 
coming apparent in the reactor can be compensated for before a temperature 
change is measured by the temperature sensor 8. 
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ln order to take into account the control influences of both the temperature sen- 
sor 8 and the differential-pressure sensor 12, the function blocks 10 and 11 are 
combined in a summing unit 15, which then produces the manipulated variable 
for the flow controller 6. For example, the function block 10 connected to the 
5 temperature controller 9 may be a PI controller and the function block 11 con- 
nected to the differential-pressure sensor 12 may be a P controller. However, 
other functional dependencies and controller types are also possible. 

Both the material charge introduced into the reactor and the current reactor 
10 temperature are taken into account by the temperature control 5 in order to out- 
put a manipulated variable to the subordinate flow controller 6 for the fuel feed. 
The fuel feed is thus controlled in a temperature flow cascade inter alia as a 
function of the conveying-line pressure loss of the airlift 13, since the conveying- 
line pressure loss is clearly correlated with its conveyed mass flow, in particular 
15 a solid mass flow. 

In this case, the function block 11 or the summing unit 15 of the temperature 
control 5 takes into account the fact that the material conveyed by the airlift 13 is 
first of all directed into an airlift cyclone 16 and is separated there from the gas 

20 or air flow used for the transport. The material separated in the cyclone 16 pas- 
ses into a plunge pot 17, from which the material is passed on to a dryer 18, in 
particular a venturi dryer. Connected downstream of the dryer 18 is a material- 
delivery cyclone 19, in which the material to be fed to the reactor 1 is separated 
from the heated exhaust-gas flow. From the material-delivery cyclone 19, the 

25 material passes via the material-feed line 2 into the reactor 1, in which it is 
caught by the gas-feed pipe 3 and forms a circulating fluidized bed. 

After the heat treatment in the reactor 1 , the material together with the gas flow 
is discharged through a line 20 from the top region of the reactor 1 into a return 
30 cyclone 21, in which the treated material is separated from the gas flow and di- 
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rected to a plunge pot 22. The material directed into the plunge pot 22 is partly 
fed back into the reactor 1 and partly discharged into a mixing pot 23. 

In the mixing pot 23, material treated in the reactor 1 is mixed with untreated 
5 material which is directed via a bypass line 24 from the plunge pot 17 of the air- 
lift cyclone 16 via a cellular wheel sluice 25 past the reactor 1. In this case, the 
quantity of the material directed past the reactor 1 is recorded by a mass-flow 
sensor (not shown) and is taken into account by the temperature control 5, for 
example in the summing unit 15 or the function blocks 10, 11, so that the fuel 
10 mass flow is adapted to the material quantity actually introduced into the reactor 
1. 

In order to save energy, the hot reactor exhaust gas separated from the treated 
material in the return cyclone 21 is directed to the dryer 18 for drying and pre- 

15 heating the material to be fed to the reactor 1. From the material-delivery cyclo- 
ne 19 connected downstream of the dryer 18, the heated exhaust gas is directed 
to a further dryer 26, for example a venturi dryer, which is arranged upstream of 
the airlift 13. The material to be treated passes into the dryer 26 via a conveyor 
27 and, with the gas flow which serves the preheating or drying, is directed into 

20 a filter 28, for example an electrostatic filter, from which the material passes into 
the airlift 13. 

The conveyor 27 has a conveyor belt 29, which feeds the raw material to a ma- 
terial-charging screw 30, which introduces the material to be treated into the 
25 dryer 26. 

The material-charging screw 30 is controlled by a material-charge control 31 
having a material-charge controller 37, which is also connected to the differenti- 
al-pressure sensor 12 and controls the differential pressure over the conveying 
30 line 14 by varying the rotational speed of the material-charging screw 30 to a 
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constant value. This material-charge control 31 is a variant of the control accor- 
ding to the invention for the temperature control 5. In this exemplary embodi- 
ment, the control according to the invention is formed by a combination of the 
material-charge control 31 and the temperature control 5. However, the control 
5 concept according to the invention is also realized by the material-charge control 
31 and the temperature control 5 in each case by itself, so that each control 5, 
31 , according to the invention, can also be realized on its own in a plant. 

The material-charge control 31 of the plant helps to cut out or minimize the 
10 disturbance variable of a variable material charge which initiates temperature 
fluctuations in the reactor 1 or creates a control demand for the temperature 
control 5, and helps to create uniform process conditions in the plant. To this 
end, in the event of fluctuations of the material quantity in the conveying line 14, 
the conveying capacity of the material-charging screw 30 is appropriately read- 
15 justed by the material-charge controller 37. So that sufficient raw material is a- 
vailable at the material-charging screw 30, a level controller 32 is provided for 
the drive of the conveyor belt 29. 

The plant shown in Fig. 4 corresponds essentially to the plant according to Fig. 
20 3. The same plant parts are therefore provided with the same reference nume- 
rals and are no longer described below. 

In contrast to the plant described above, the conveyor 33 of this plant, instead of 
the conveyor belt 29, has a weighfeeder 34, on which the raw material is weig- 
25 hed and fed to the material-charging screw 30. In this case, the material-charge 
controller 37 presets an actuating signal for a mass-flow controller 35 of the 
weighfeeder 34 in order to control the charge mass flow. Furthermore, a cor- 
responding transducer is connected to the mass-flow controller. The material- 
charging screw 30 is activated by a level controller 36. On account of the weigh- 
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feeder 34, the material-charge mass flow can in this case be controlled especial- 
ly accurately and thus contributes to a high stability of the temperature control 5. 

The principle of the temperature control 5 is schematically shown once again in 
5 Fig. 5. The temperature control 5, by means of the temperature sensor 8; mea- 
sures the actual temperature at the outlet of the reactor 1 , compares this actual 
temperature with the preset desired temperature in the function block 10, for 
example a PI controller, and subsequently outputs a manipulated variable m T for 
the fuel mass flow on the basis of the control deviation in the temperature. In the 
10 function block 11, for example a P controller, the pressure difference measured 
over the conveying line 14 in the airlift 13 is taken into account as disturbance 
variable, and a fuel mass flow proportional to the actual material charge is out- 
put as manipulated variable m P . As a result, the fuel feed is adapted before a 
control deviation in the temperature can be measured. The manipulated variab- 
15 les of the function blocks or control elements 10 and 11 are combined in the 
summing unit 15 and are converted into a manipulated variable m for the total 
fuel mass flow. 

By the material quantity determined in a conveying line to the reactor being ta- 
20 ken into account according to the invention, it is possible by means of the 
controls according to the invention to keep the process conditions and in particu- 
lar the temperature in the reactor 1 constantly at a set point predetermined in 
terms of the process. 
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List of reference numerals: 



1 


Reactor 


20 


Line 


2 


Material-feed line 


21 


Return cyclone 


3 


Gas-feed pipe 


22 


Plunge pot 


4 


Fuel-feed line 


23 


Mixing pot 


5 


Temperature control 


24 


Bypass line 


6 


Flow controller, control element 


25 


Cellular wheel sluice 


7 


Flow transducer 


26 


Dryer 


8 


Temperature sensor 


27 


Conveyor 


9 


Temperature controller 


28 


Filter 


10 


Function block 


29 


Conveyor belt 


11 


Function block 


30 


Material-charging screw 


12 


Differential-pressure sensor 


31 


Material-charge control 


13 


Airlift 


32 


Level controller 


14 


Conveying line 


33 


Conveyor 


15 


Summing unit 


34 


Conveyor-type weigher 


16 


Airlift cyclone 


35 


Mass-flow controller 


17 


Plunge pot 


36 


Level controller 


18 


Dryer 


37 


Material-charge controller 


19 


Material-delivery cyclone 







